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DETERMINATION OF THE METAL IONS CONCENTRATION IN
THE SOLUTIONS, USING A VOLTAMMETRIC ANALYZER

B.Ye. Begenova!, K.Kh. Khakimbolatova?, N.V. Ostafeychuk*

M. Kozybayev North Kazakhstan University NLP, Petropavl, Kazakhstan
2A.B. Bekturov Institute of Chemical Sciences JSC, Almaty, Kazakhstan
E-mail: nataly-2708@mail.ru

Abstract. Introduction. lon exchange materials are successfully used for solving a number of
practical problems, such as the creation of the waste-free technology-based production processes,
industrial wastewater treatment, rational natural resources and environmental protection use. The study of
the physicochemical and sorption characteristics is required for the determination of the promising areas
of application of ion exchangers. However, chemical research methods are laborious, and atomic
absorption spectroscopy is not always available. The goal of this work is to find and use available
methods, which do not require complex technological equipment for the determination of metal ions
concentration in the solutions, finding the actual areas of practical application of the voltammetric
analyzer “Ecotest BA”. Methodology. Stripping voltammetric determination of metal ions by the addition
method has been used to determine the equilibrium concentrations of metal ions in the analyzed solutions,
which participate in the reversible chemical exchange reaction until a state of dynamic equilibrium is
reached. The main point of this method is that first, a polarogram of the background solution is taken,
hereafter referred to as the test solution, a certain amount of the standard solution with the known
concentration of the determined ion is added, and the polarogram is taken again. By determining the wave
heights of the initial and final solution, the concentration of the metal ion after the sorption is calculated,
using the formula. Results and discussion. The methods of determining the concentration of non-ferrous
metal ions have been developed and used on the voltammetric analyzer “Ecotest BA”, which is a real
economical alternative to the expensive methods of analysis. Stripping voltammograms of samples, which
contain cadmium and copper, zinc, lead cations; vanadate ion, molybdate ion have been constructed. The
ions concentrations in the equilibrium solutions after the sorption are calculated under the static
conditions, polyfunctional anion exchangers in the OH form based on reactive epoxy compounds and
some amines. Conclusion. The stripping voltammetric method is convenient for studying the complexing
properties of the sorption and ion-exchange materials; it also allows one to determine several metals
without their preliminary separation resorting.
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OMNPEAENEHVE KOHLUEHTPAL MOHOB METAJI/10B B PACTBOPAX
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Pestome: Bsedenue. s pellieHHs aKTyalIbHBIX IPAKTHYECKHX 3a/1a4 CO3JaHusI 0E30TXOAHOM TEXHOJIOTHU
[POM3BOACTBEHHBIX MPOLECCOB, OYUCTKH MPOMBINLICHHBIX CTOYHBIX BOJI, PALIHOHAIBHOTO HCIIOIB30BAHHUS
MPUPOJHBIX PECYPCOB M OXpaHbl OKPYXAIOIIEH Cpeibl YCHEIIHO HPUMEHSIOTCS HOHOOOMEHHBIC
Marepuansl. [l OmNpeleneHus] NEepPCHeKTHBHBIX o00JacTeldl HCMOJb30BaHHUS HOHHTOB Tpebyercst
HCCIIEZIOBaHUE X (PU3MKO-XMMHYECKUX M COPOLMOHHBIX XapaKTEPHCTHK, OJHAKO XMMUYCCKHE METOIBI
HCCIIeZIOBaHUsI BEChMA TPYIOEMKH, & aTOMHO-a0COPOLIOHHAs CIICKTPOCKONHSI He BCera A0CTynHa. [lens.
ITorck ¥ HCMOJNB30BAaHUE JOCTYIHBIX, HE TPEOYIONMX CIOXKHOIO TEXHOJOTHYECKOro 000pYyIO0BaHHMS,
9KOHOMHYHBIX METOJOB OINPECICHUS KOHICHTPAMd HOHOB METAUIOB B PACTBOpPAaX, OTIMYAOIIMXCS
GBICTPOTOH AHATUTHYECKOTO KOHTPONIS M BBICOKO YYBCTBHUTEIBHOCTHIO, ITO3BOJIIIOLICH HCCIIENOBATH
MHKPOZO3bI  BemlecTB. HaxokIeHHe  aKTyalnpHBIX  OOmacTeil  MPaKkTHYeCKOro  MPUMEHEHHs
BOJIETAMIIEPOMETPHYCCKOro aHamuzaTopa «JKkorecT BA». Memoowl. s ompenencHus paBHOBECHBIX
KOHIICHTPAIMiI MOHOB METAIUIOB B aHAIM3HPYEMbIX PAaCTBOpPAx, TO €CTh yJYaCTBYIOIIMX B 0OpaTHMOMN
XAMHYECKOW PEakud OOMEHA IO MOCTHKCHHS COCTOSHHUS IMHAMHYHOTO DPABHOBECHS, MCIOIb30BAIH
HHBEPCHOHHO-BOJIBTAMIICPOMETPHYECKOE ONpPEICICHAE HOHOB METAUIOB MeTonoM nobaBok. CyTb
JTAHHOTO METO/Ia 3aK/II0YaeTCsl B TOM, YTO CHayalla CHUMAIOT IIOJIIpOrpaMMy (POHOBOTO pacTBOpa, Aajiee —
HCCIIEyeMOr0 PacTBOpa, 3aTeM JJ00ABISIIOT OIPEACICHHOC KOJMYECTBO CTAHIAPTHOTO pacTBopa ¢
M3BECTHOW KOHIICHTpALKEH ONMPEEIIeMOro HOHa i BHOBb CHUMAIOT MoJsiporpammy. OTpesesisisi BBICOTBI
BOJIH TEPBOHAYAIBLHOIO M KOHEYHOTO pacTBopa, Mo (OpMylie pacCUYMTHIBAIOT KOHIIEHTPAIMIO HOHA
MeTaiia mocie copOuun. Pesynemamosl u obcyscoenue. OTtpaboTaHa M WCIIOJIB30BaHAa METOAMKA
OTIpe/ICNICHHs] KOHICHTPAK HMOHOB IBETHBIX METAaJIOB Ha AHAJIMU3AaTOPE BOJIBTAMIIEPOMETPUYECKOM
(momsiporpad) «Okorect BA», KOTOpBI SIBISETCS peanbHOW AKOHOMHYHOH — ajlbTepHATHUBOI
JIOPOTOCTOSIIIUM  METoJiaM aHaiik3a. I[l0CTpOeHbl WHBEPCHOHHBIC BOJIBTAMIICPOTPAMMBI  MOJEITBHBIX
PacTBOPOB, COAEPIKAIINX KATHOHBI KaaMHs W MEIW; [WHKA, KaIMHs, CBHHIIA, BaHAJAT-HOH; MOIHOIAT-
noH. PaccunMTaHBl KOHIIGHTPAIMM MOHOB B PAaBHOBECHBIX PACTBOpPAX IMOCIE COPOLUMH B CTATHYESCKHX
YCIOBUAX MONU(YHKIMOHANBHBIME aHHoHUTaMH B OH-opMe Ha OCHOBE pPEaKIHOHHOCIIOCOOHBIX
SIMOKCHIHBIX COSAWHEHUH U HEKOTOPBIX aMHHOB. 3akuiouenue. VIHBEpPCHOHHO-BOJIBTAMIIEPOMETPHUYECKHIA
METOJ yIOOCH MPH HCCIICIOBAaHHH COPOLMOHHBIX M KOMIUICKCOOOPA3yIOIMX CBOWCTB HMOHOOOMEHHBIX
MaTephaioB, TO3BOJIET OMPEACIATh KOHIIEHTPAIMH HMOHOB HECKONBKHX METAIOB, HE mpuberas K
IpEIBapUTEIFHOMY X Pa3CICHHUIO.

KntoueBble €N0Ba: BOIBTAMIICPOMETPHIECKUH aHAM3aTOpP, BOIBTAMIICPOTPaMMa, JIEKTPOJ, HOHOBBII
pacTBop, MeTOA 100aBOK, KOHIIEHTPAIHsl HOHOB METaJLIOB.

BereHosa BaxblI T EcTekeHoBHa OOKMOP XUMUYECKUX HAYK, OOYEeHm
XakumbonaTosa Kamuna Kanouoam XumMu4eckux Hayx,
XakumbonaToBHa accoyuuposannwiii npogeccop
OcTadeinuyk HaTanbs Mazucmp xumuu

BnagvmuposHa
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1. BBegeHue

B pemenun  aKkTyaubHBIX — OKOJOTHYECKHX  TMPOOIeM  HEOOXOIUMO
KOHTPOJIMPOBATh COJIEPKAHME TSIKENBIX METAUIOB W JPYTHX BPEIHBIX JUIS
37I0pOBBSI COCJIMHEHHUI B 0OBEKTAaX OKPYKAIOIIEH CpPEbl, MPOAYKTaX MUTAHUS U
KopMax. JIoss  OCYINECTBIECHHsS  OTHX  3aja4  yao0eH  HMHBEPCHOHHO-
BOJIbTAMITIEPOMETPHUYECKHUI METOJI C TIPUMEHEHHEM YHHUBEPCAIBLHOTO aHAIU3aTopa
«9korecT-BA», KOTOPBIi MO3BOJISIET MPOBOIUTH U3MEPEHHsT 0€3 HCIOIb30BaHUS
KUAKOW pPTYTH. JIOCTOMHCTBOM IaHHOTO H3MEPHUTEIBHOIO MPHOOpa SIBISIETCS
BO3MOKHOCTh  MPOBOAMTH  OOJIBIIOE YKHCIO H3MEPEHHH  OJHOBPEMEHHO,
00HapyXMBaTh He3HAUYUTeNbHOE cofepxkanue Bemects (Cd, Pb — 0,05 mxr/mm3),
NPOBOJNTH aHaIW3 CMECH O€3 pasjelicHuss Ha OTHEIbHbIE KOMIIOHEHTHI,
OTCYTCTBHE CJIOKHOTO TEXHOJIOTHIECKOTO 000PYI0BAHHS.

2. JKcnepuMeHTasbHas vacTb [1-5]

B pabote ucmonb30Baiy yTrONbHBIH, XJIIOPCEPEOPSHBIN U BCIOMOTaTEBHBIN —
TTATHHOBBIN 3JICKTPOIBI.

B paboTe ucnosb3yroTcs pacTBOPHI:

®onosie pactBopsl: 0,1 M NaNO3z; 1M H,SO4

Hcxoonvie pacmeopwi

1 PactBopst Cu(NOs), ¢ xoumentpammeir Cu 1.5 r/m u CdCl, ¢
kontenTparmeit Cd 1 r/n

2 PactBopst ZN(NOs3), ¢ koumentpanueii Zn 1 /a1, CACl, ¢ koHIeHTpanuei
Cd 1 r/m u Pb(NOs), ¢ xourmentparueii Pb 1.5 r/m.

3 PacrBop meraBanamata ammonus (NHsVO3) ¢ konnenTpanueii V 3 r/i.

4 PacrBop monmubnata Hatpus (NaxMoOs) ¢ koHneHTpanueit Mo 3 1/n/

Xoo onpedenenus. B pabore WCMonp30BalM  TMONMH(YHKIIMOHATIBHBIC
aarounTsl B OH-hopMe, CHHTE3NPOBAHHbBIE Ha OCHOBE AIOKCHIHBIX COCTHHEHUI
U HEKOTOpBIX aMUHOB. CoJiepaHue ONMpeesieMbIX 3JIEMEHTOB B HCCIICAYEMbIX
o0pasnax u3MepsIi METOIOM J00aBOK. B monsporpaduyeckyto siueiiky BHOCUM
20 My (OHOBOIO pacTBOpa M CHHMaeM BoJbTamIieporpammy ¢ona. [lanee
CHMMaeM  BOJIbTAMIIEPOrpaMMy  HMCXOJHOTO  pacTBopa C  HM3BECTHOM
KOHIICHTpaIeld. 3aTeM CHUMaeM BOJBTAMIIEPOrpaMMy pacTBOpa HEHU3BECTHOU
KOHIICHTPAITUH TIOCTIE COPOIIHH.

KoHIIeHTpaI1uio HOHOB MOCIIe COPOLIMK PACCUMTHIBACM 110 (PopMyIie:

I “V306°C
C — x+106" Y 106"~ 106 2 ) 1
Ix 'V}:[06+(IX-IX+HO6) vV ( )

Ix — BBICOTa BOJNHBI (ITMKAa) HA BOJBTaMIIEPOIpaMME HCXOJHOIO PacTBOpA,
MKA;

Ix+106 — BBICOTA BOJIHBI (ITMKA) HA BOJETAMIIEPOTPAMME ITOCIIE IOOABKH, MKA;

V 106 — 00bEM JOOABIEHHOTO PACTBOPA ONPEIENIIEMOr0 KOMIIOHEHTA, MJT;

V — 00beM aHATU3UPYEMOTO PacTBOPA, BKIIOUasi 00beM (OHOBOrO pacTBOpa,
ML
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Cii06 — KOHIICHTpAIIHS UCXOAHOTO pacTBopa, I/ JI.

MOXHO WCTONB30BaTh YIPOIIEHHBIA BHJ (OPMYIBI JUISI OIMpPEIeIeHHUs
KOHIICHTPAIUU:

C= —‘X*Mi’cm - Cros (2.2)

[Ipu cobmogennn TpeOOBaHWM MO  KBadM(UKAMKM PEAKTUBOB U
WCIOJNBb30BaHUK YHCTOW IMOCYIBI U JIEKTPOAOB B ()OHOBOM DPACTBOPE IOJKHBI
OTCYyTCTBOBaTh MWKH (puUcyHOK 1, kpuBeie 1 m 2). CHavajma CHUMArOT
BOJIbTAMIIEpOrpaMMy (OHa, KOTopas He IOJDKHA cojepykaTh NMHUKH. s storo
HCIOJIB3YEMBIC pAaCTBOPbI W XHUMHUUYCCKasA IIOCyJda OOJIKHBI OBITh nacaJIbHO
yucThIMH. B mocnemyromeM npu ucciaenoBaHMM 00pasloB KpuBas (¢oHa
BBIYUTAETCS] aBTOMATHYECKH.

F Yy N F T F g
0,02 E h .21 i‘ . '
PPt VRSO N A 1 8 0 | :
s R 1 [
B B e Lo e
0018 ................................... bosrsnsnnsas . ........... -. ......................
oo ' '
-0,015
=0,018
0,016
0,017+
0,017 | ; ' :
-0,018
0,015
0,018
<002 : i i
2002 : e
-1200 -1 000 -E00 S00 -200 -2 ]
MoTexyean, ub

PucyHOK 1 — BosnbTamneporpaMmsl ¢ HENOATOTOBICHHOH (1) M MOATrOTOBICHHON
(2) MOBEPXHOCTHIO AEKTPOIA

3. PesynbTaTbl U 06CYyXeHMe

st ompeneneHus KOHIEHTPAIMM I[BETHBIX METAUIOB B  00pasmax
WCTIONB30BAIM  METOA J00aBok [6]. Jlms 3TOro cHayalia perucTpUPYOT
BOJIbTaMIIEPOTpaMMy  aHAJIM3UPYEMOTO pacTBOpa, 3aTeM JeNaloT 100aBKy
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CTaHIAPTHOTO  pPAcCTBOpa  ONPENEeIIeMOr0 HOHA C TOYHO  W3BECTHOM
KOHIICHTpAIMed ¥ CHUMAIOT BOJIBTAMIIEPOTrPaMMy TPH TOH e YyBCTBUTEIBHOCTU
nossiporpada. Ompenensss BBICOTBI BOJH IEPBOHAYAIBLHOTO W KOHEYHOTO
pacTBOpOB, JIETKO pACCUUTATh KOHICHTPAIMIO HCCIEAYEeMOTro pacTBOpa,
rcnons3ys Gopmyiy (2.1)

A) PacTBOp, coneprkaIiuii KaTHOHBI MEIU 1 KaMus (Tabiuna 1, pucyHok 2):

C(Cd2+) B 6.39 MxA-1 mir'1 /i — 0.099 o/
9.04 MKA-1 Mi+(9.04 MKA-6,39 MKA) 21 Mt

c(cu?t) 9.25 MxA-1 mn-1.5 r/n 03121/
u = =0.
10.85 MkA-1 Ma+(10.85 MKA-9.25 MKA)-21 w1 i

Tabnuua 1 — Konnentpanus Metanna (r/71) B pacTBope, coaepxamtem Cd?* u Cu?*

PacTBopbl CdCl; Cu(NOz)>

Vcxoanblii pacTBop, 1/ 1.000 1.500

PactBop mociie copouuw, r/i 0.099 0.312

19

17

[

18 /f
[

/

16

15

13

12

/
ﬁ
14 J
|
|
[

1

10

1 Cd ‘ _cu

-800 -700 -600 -500 -400 -300 -200 -100 0 100 200
MoTeHupan, MB

PUCYHOK 2 - AHostHast M”HBEPCHOHHAs BOJIbTaMIleporpaMmMa oopasia,
coziepsxamero katuonsl Cd?*u Cu?*

83




KA3AKCTAHHBIH XUMUAJIBIK JKYPHAJIBI XUMHYECKHY XYPHAJI KA3AXCTAHA

B) PactBop, conepxamuii KaTHOHBI IIMHKA, KaAMHS 1 CBHHIA:

C(Zn2* 11.39 mxA-1 mir-1 1/ 0.097 1/
n?t) = =0.
(M) = 1621 AT Mt (1621 MxA-T1.39 vxA) 21 win r
C(Cd?H) = 10.55 mMxA-1 mir-1 t/n 0,440 1/
(™) = {776 vrA T st (11,16 MxAT0.55 MxA) 21 an 40 7%
C(Pb2+ B 15.53 MxA-1 mr-1.5 /0 0,599 1/
)~ 16,59 wxA 1 st (16,50 MxA15.53 mxA) 21 o 000 70

Tabnuua 2 — Konmentpanus Metanna (I/71) B pacTBope, cogepskamem Zn?*, Cd?*, Pb?*

PacTBOpEI Zn(NOs)2 CdCl; Pb(NO3)2
HWcxomublit pacTBop, r/1 1.000 1.000 1.500
f/?ICTBOp mocje copouuu, 0.097 0.440 0599

o /

18

gl /)

I\ 77\

QN N
\ |

TR [ — |

o

4 zn ® Pb

-900 -800 -700 -600 -500 -400 -300 -200 -100 0 100 200
MoteHuuan, MB

PUCYHOK 3 - AHO/IHas MHBEPCHOHHAs BOJIbTaMIIEpOrpamMma obpasiia,
cofepykamiero katuonsl Zn?, Cd?*, Pb?*
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B) PactBOp, comeprkamuii BaHagaT — HOHBI:

COVY = 0.72 MxA-1 mi1-3 T/ 1860 1/
V)= 0.74 MxA-1 mir+(0.74 MkA-0.72 MkA)21 M1 i

Tabnuua 3 — KoHneHTpanust MeTaluia B pacTBope, cofepxamiem VO3

NH4VOs V, /n
HWcxoauslii pacTBop, 1/ 3.000
PacTBop nocine copOruu, r/1 1.862
/ /
V%
/

-1

é’/
) : .
“““““““““““““ 57 S S [ S S
105 110 115 120 125 130 135 140 145 150 155 160 165 170 175 180 185 190 195

ToTeruman, MB

PUCYHOK 4 - AHOHAs HHBEPCHOHHASI BOJIbTaMIIeporpaMma oopasia,
cozepxaero anuons! VO3

I') PactBoOp, comeprxamuii MOTUOAAT — NOHBL:

CMo) = 0.19 MxA-1 M- 3 /11 13901/
(M0) = 5 20 MicA T 1 (0.20 MkA-0.19 wxA) 21 o200 T/
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Tabnuua 4 — KoHrenTpamus MeTanna B pacTsope, cofepskameM MoOs>

Na:MoO4 Mo, r/n
HWcxonublit pacTBop, r/1 3.000
PacTBop nocne copOruu, r/mn 1.390

/ 0,205
02

0,195 /

0,19

0,185 / /

0,18 /

0,175 / /

e [
[/
. /
/ //
. /

/

0,13

0,125
0,12
0,115

S

110 120 130 140 150 160 170 180 190 200
MoTeHunan, MB

PUCYHOK 5 - AHOtHast M”HBEpCHOHHAs BOJITaMIIeporpaMmMa obpasa,
cozepskamiero annons MoO42

4. 3ak/toyeHue

Takum 00pazoM, AJsl ONpeleseHUs] PaBHOBECHBIX KOHIEHTpPALMid HOHOB
METaJUIOB B PAacTBOPAx MCIOJIB30BaH MoJsiporpaduuecKkuil Meron aHanmuza [2],
OTJIMYAIONIUICS OBICTPOTOH W TOYHOCTBIO, HE TPEOYIOMIUH  CIOXKHOTO
TEXHOJIOTHYECKOT0 00opyaoBaHus. JaHHBIA MeTon ymoOeH NpH HCCIeIOBaHUU
COpPOLMOHHBIX U KOMILIEKCOOOPA3yIOIIMX CBOWCTB MOHOOOMEHHBIX MaTEpHaNOB,
T.K. OTIMYaeTCsl OBICTPOTOW AHATUTHYECKOTO ONpEICICHUS W  BBICOKOH
YyBCTBHUTEJIILHOCTBIO,  TIO3BOJISIIONICH  ONpENeNsiTh ~ Majble  KOJMYecTBa
HCCIIETyEMBIX BEIIECTB. JocTonHcTBoM MeToza WHBEPCHOHHOM
BOJITAMIIEPOMETPHU  SIBISIETCS. TaK)K€ BO3MOXKHOCTh OJJHOBPEMEHHO BECTH
olpeJieNieHre HECKOJIbKAX METalioB, He Tpuberas K MpelBapuUTeIbHOMY HUX
pasnenenuto [2].
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KOHMANKT MHTepecoB: ABTOpBI 3asBISIOT 00 OTCYTCTBHM KOHQIMKTa HHTEPECOB MEXIY
aBTOpaMu, TPEOYIONET0 PAaCKPHITUS B JaHHOU CTaThe.

BO/IbTAMIMEPOMETPUANBIK AHAJTIM3ATOP KONMJAHY APKbUIbl EPITIHAUIEPOEH
METAJ1/1 NOHOAPLI KOHUEHTPAUUVANIAPBIH AHBIKTAY

B.E. BereHoga?, K.X. Xakum6onaTosa?, H.B. OcTadeiiuyk™”

M. Kosvibaee amwvinoazer Conmycmix Kazaxcman ynueepcumemi KeAK,, Ilemponaen, Kazaxcman
24.B. Bexmypoe amuvinoazel Xumus eoinvimoapst uncmumymol AK, Anmamol, Kasaxcman
E-mail: nataly-2708@mail.ru

TylhiHgeme. Kipicne. VOHanMacTBIDFBIII ~ MAaTEPUATAAP OHMIPICTIK  MPOLECTEPAIH  KaJIBIKCHI3
TEXHOJIOTHSICBIH KYPY, OHEPKACIITIK aFbIH/IbI CyJIap/Ibl Ta3apTy, TAOUFU peCypCTap/Ibl YThIM/IbI Mali1anany
JKOHE KOpIIAFaH OpPTaHbl KOpFay CHSKTHI OipkaTtap ©3eKTi MPaKTHKAIBIK MOcelelepii WISy YIIiH
TaOBICTBl KOJJaHBUIA/Abl. VOHAIMACTBIPFBIITAP/ABl KOJJAHY/ABIH IEPCIEKTUBTI OarbITTApbIH AHBIKTAY
YIIiH onmapiblH  (PU3MKa-XMMHSUIBIK JKOHE COPOLMSJIBIK CUIATTaMallapblH 3€pTTEY KaKeT, anaiina
XUMUSUIBIK 3€PTTEY OJicTepi Kem eHOEKTI KaXeT eTeii, ajl aTOMIBIK-a0COpOLMSUIBIK CHEKTPOCKOIHS
opKallaH KoJ >keTiMui emec. Makcamei. Epitinpinepaeri MeTaml HOHIAPBIHBIH KOHLEHTPALMSACHIH
aHBIKTAY/IbIH KOJDKETIM/II, KYP/Ei TeXHOIOTHSUIBIK )KaOIbIKThl KOKET STICHTIH, YHEM/Ii, aHATUTUKAIIBIK
0aKpUIay KBUIIAM/BIFBIMEH XKOHE 3aTTap.blH MHKPOI03aJIapblH 3epTTEyre MYMKIHAIK OCpeTiH KOFapsbl
Ce3IMTABIFBIMEH ~ EPEKIIENICHETIH  OAiCTepiH  i31ey JkoHe  madpamany. «Okorect  BA»
BOJIbTAMIIEPOMETPHUSUIBIK aHAIU3ATOPbIH MPAKTUKAJIbIK KONJIAHY/IbIH ©3€KTi cananapbiH Taly. ddicmep.
TanmaHaTeiH epiTiHALIEpACT], SFHU AMHAMUKAIBIK TEMe-TeHIIK KYiiHE KETKEHIIEe KAaUThIM/bI XUMUSIIBIK
anMacy peaklMsChIHA KAThICAThIH, METAIAAp MOHAAPBIHBIH TENe-TEeHIIK KOHLIEHTPAUUSIapbIH aHBIKTAY
YIIIH KOCYy o[iCIMEH HHBEPCHSIIBIK-BOJIBTAMIIEPOMETPHSIIBIK aHBIKTAY KOJIAHBULIBI. Byl omicTiH MoHi
MBbIHaJIa: aJiibIMeH ()OH epITIHIICIHIH, COlaH KeliH 3epTTeNeTiH epiTIHAIHIH MOIIpOrpaMMach! aJIbIHAIbI,
COJlaH KeliH aHBIKTATAThIH HOHHBIH OENrili KOHIEHTPALUICHl Oap CTaHAapTTHI epiTiHAiIHIH Oenrimi Oip
MeJIIIepl KOChUIAbl JKOHE KaWTalaH MOJIporpaMma aiblHa[ibl. bacTamKpl >KOHE COHFBI EpITIHIIHIH
TOJIKBIH OMIKTIKTEpIH aHBIKTay apKbLIbl cOpOLMsAAaH KeHiHri MeTajul HMOHBIHBIH KOHILIEHTPALMSICHI
¢dopmyna OoiibiHIIa ecenreneni. Homuowcenepi men mankvinay. «korecT BA» BompTaMIepoMeTpHsIIBIK
aHaymzaropaa (mossiporpad) TYCTi MeTallyl HMOHAAPBIHBIH KOHIEHTPAUMSICBIH aHBIKTAy oJicTeMeci
93ipIIeH/Ii JKOHE MaiiaaHbLIIbI, OJ KBIMOAT Tanaay oMiCTepiHe HAKThI YHeM/Ii OamaMa OOIbI TaObUIaIbL.
KypambiHaa kaamuil KoHE MBIC KaTHOHAAPBI; MBIPBILI, KaJIMHH, KOPFACchIH; BaHAIaT-UOHbI; MOIHOIAT
HOHBI 0ap yJTUIEpAiH HHBEPCHSIIBIK BOJIETAMIIEpOrpaMMalapbl  KYpPacThIPbULIBL.  Tere-TeH K
epiTiHALIepiHeT] MOHIApABIH KOHIIGHTPALMSICHl PeaKHst KaOLIeTTi 3MOKCHUATI KOCBUIBICTAp MEH KeHOip
amungep Herizingeri OH-Typinzeri HOMU(YHKIMOHANABI AHHOHAIMACTHIPFBIIITAPMEH CTATHKAIBIK
JKaraaiia copOumsian Keilin ecenteniuai. Kopvimolnovl. VHBEpPCHUSIIBIK-BOIBTAMIIEPOMETPHSIIBIK, JIiC
HOHAJIMACTBIPFBIII MaTepUaIapIbIH COPOLHMSIIBIK JKOHE KEIIEHTY3Yy KAaCHETTepiH 3epTTey[de BIHFaJIbI,
COHBIMEH KaTap OipHelle MeTalaap sl all/IbIH ajla OeJMeii-aK aHbIKTayFa MyMKIHIIK Oepei.

TyiH ce3iep: BoNbTaMIEpPOMETPHSUIBIK aHAIN3ATOP, BOIBTAMIIEPOrPaMMa, dIEKTPOS, (HOHIBIK epiTiHi,
KOCy 9JlicTepi, METaJlI HOHJAPhl KOHILEHTPALUsIAPbI

BereHoBa baxblIT ECTeKeHKbI3bI XUMUSL 2LILIMOAPBIHBIY OOKNOPbL, OOYeHM
XakimbonaTosa Kamuna XUMUSL 2bLILIMOAPBIHbIY KAHOUOAMb,
XakiMb0n1aTKbI3bl KayblMOacmulpuli2an npogheccop
OcTadeinuyk HaTanbs Xumust masucmpi

BnagvmunposHa
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